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CONVERSION FACTORS

For use of readers who prefer to use International System (SI) units,
rather than the inch-pound terms used in this report, the following
conversion factors may be used:

Multiply By To obtain
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
square mile (mi2) 2.590 square kilometer (km2)

Temperature in degrees Fahrenheit (°F) as follows:
°C=5/9 (°F-32)
The following terms and abbreviations also are used in this report:
microsiemens per centimeter (ps/cm)

milliequivalents per liter (meq/L)
milligrams per liter (mg/L)

iv



SELECTED CHEMICAL ANALYSES OF WATER FROM FORMATIONS OF
MESOZOIC AND PALEOZOIC AGE IN PARTS OF OKLAHOMA,
NORTHERN TEXAS, AND UNION COUNTY, NEW MEXICO

By Renee S. Parkhurst and Scott C. Christenson

ABSTRACT

Hydrochemical data were compiled into a data base as part of the Central
Midwest Regional Aquifer System Analysis project. The data consist of
chemical analyses of water samples collected from wells that are completed in
formations of Mesozoic and Paleozoic age. The data base includes data from
the National Water Data Storage and Retrieval System, the Petroleum Data
System, the National Uranium Resource Evaluation, and selected publications.
Chemical analyses were selected for inclusion within the hydrochemical data
base if the total concentration of the cations differed from the total
concentration of the anions, both expressed in milliequivalents per liter, by
10 percent or less of the total concentration of all ions. Those analyses
which lacked the necessary data for an ionic balance were included if the
ratios of dissolved-solids concentration to specific conductance were between
0.55 and 0.75. The tabulated chemical analyses, grouped by county, and a
statistical summary of the analyses, listed by geologic unit, are presented.

INTRODUCTION

The U.S. Geological Survey began the Regional Aquifer System Analysis
(RASA) program in 1978 after a congressional mandate required development of
quantitative appraisals of the major aquifer systems of the United States.
Twenty-eight aquifer systems have been identified for this program. These 28
aquifer systems are the source of most of the usable ground water in the
United States. The Central Midwest Regional Aquifer System Analysis (CM
RASA) is a project that studies one of these aquifer systems.

The overall purpose of the RASA program is to compile hydrologic
information, to develop an understanding of the aquifer systems, and to
develop predictive capabilities that will contribute to the effective
management of the Nation's ground-water resources. The specific objectives
of the program are to: (1) Assemble available geologic, hydrologic, and
water-quality information, and collect additional data that may be required
for aquifer-system definition; (2) synthesize that information into an
understanding of the dynamics of the ground-water flow; (3) develop, test,
and establish the validity of models that simulate hydrologic systems; (4)
support research that will contribute to a more comprehensive understanding
of the flow dynamics; (5) analyze and interpret the hydrology of the aquifer
systems, and describe the hydraulic implications of alternative management
practices; and (6) report the results of these studies, including the
hydrologic data, the simulation models, and the final conclusions.



The CM RASA is a study of the regional ground-water flow system in
formations of Paleozoic and Mesozoic age in the central United States (table
1). The study area is located between the foothills of the Rocky Mountains
in Colorado and New Mexico and the valley of the Mississippi River in eastern
Missouri, and from southern South Dakota to northern Texas (figure 1). As
part of a multistate group participating in the CM RASA, personnel of the
U.S. Geological Survey in Oklahoma are responsible for studying the northern
two-thirds of Oklahoma, the Texas Panhandle, and Union County, New Mexico,
which is the northeastern-most county in New Mexico.

Purpose and Scope

The purpose of this report is to present the chemical analyses of
samples collected from wells in parts of Oklahoma, northern Texas, and Union
County, New Mexico that were selected for use in the CM RASA project, and to
explain the selection process. A statistical summary of the analyses,
grouped by geologic unit, is included. No further interpretations of the
data, such as maps or cross sections, are presented in this report.

The issue addressed by this report is how to select a relatively small
number of representative chemical analyses from a large number of available
analyses of variable quality and distribution without sacrificing valuable
information. Use of a standardized hydrochemical data base decreased the
quantity of data, and insured that CM RASA personnel in different States used
the same data for all work.

During the early phases of the CM RASA project, about 34,000 chemical
analyses were compiled, partially edited, and stored in computer files. A
subset of about 12,000 of these analyses pertained to sites within the study
area of this report, and for this project 1,761 analyses were selected for
inclusion in the hydrochemical data base. Although some of the subsequent
work done by the project used supplemental data in addition to the data in
the hydrochemical data base, the additional data were consistent with the
information in the data base.



Explanation of the Site-Numbering System

The location of all data-collection sites is delineated by latitude and
longitude to the nearest second. For some of the sites, the location also is
described by a local number. This number indicates quarter-section
subdivisions (where available) by letters, from largest to smallest. As
illustrated in the following diagram, the location of the site indicated by
the dot is 19N-25E-32 BDA.

[//19N—25E-32 BDA

B A
B A
B A
Cc D
c D
32 T. 19 N.
Cc D
R. 25 E.

The local number is similar to the standard system of land description,
except that it uses letters and reverses the order of the quarter-section
subdivisions. Texas does not use the standard system of land description;
therefore, no local numbers are given for wells located in Texas. In
Oklahoma and New Mexico, the local numbers are not based on the same
meridians. In the Oklahoma Panhandle, the meridian used is the Cimarron
Meridian, and in the rest of Oklahoma the Indian Meridian is used. In New
Mexico, the meridian used is the New Mexico Principal Meridian.



Table 1.--Chronostratigraphic units in the stratigraphic section of the

Central Midwest Regional Aquifer System Analysis study unit

Erathem System Series Provincial series
Mesozoic Cretaceous Upper Gulfian
Comanchean
Lower Coahuilan
Jurassic Upper
Middle
Lower
Triassic Upper
Middle
Lower
Paleozoic Permian Upper Ochoan
Guadalupian
Lower Leonardian
Wolfcampian
Pennsylvanian | Upper Virgilian
Missourian
Middle Desmoinesian
Atokan
Lower Morrowan
Mississippian | Upper Chesterian
Meramecian
Lower Osagean
Kinderhookian
Devonian Upper
Middle
Lower
Silurian Upper
Middle
Lower
Ordovician Upper
Middle
Lower
Cambrian Upper
Precambrian
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SOURCES, DESCRIPTION, AND SELECTION OF DATA

Hydrochemical data were compiled from several different sources. Most
of the data came from three computerized data files: The National Water Data
Storage and Retrieval (WATSTORE) System, the Petroleum Data System (PDS), and
the National Uranium Resources Evaluation (NURE). WATSTORE is operated by
the U.S. Geological Survey, and most of the ground-water quality data
contained in the WATSTORE system are for shallow (less than 1,500 ft)
wells that are used for water-supply purposes. Data in the PDS file
generally contains analyses of samples of oil-field brines collected by the
petroleum industry. Data in the NURE file were collected as part of a
national effort by the U.S. Department of Energy to evaluate domestic uranium
resources and to identify favorable areas for uranium exploration in the
shallow subsurface.

Data from published literature were added to the computerized data
files. A major source of data was a report on oil-field brines of Oklahoma
(Wright and others, 1957). Water-quality data for the Oklahoma Panhandle
were obtained from a report by Hart, Hoffman, and Goemaat (1976). Data for
Dallam County, Texas, were obtained from a report by the Work Progress
Administration (1937). Some chemical analyses for Union County, New Mexico,
were obtained from a report by Cooper and Davis (1967).

Data from all sources were compiled in 1981. Water samples analyzed
subsequent to 1981 are not included in the hydrochemical data base. All
analyses not already stored in the WATSTORE system were given a geologic-unit
code corresponding to the geologic unit from which the water was sampled.

The geologic-unit codes and geologic units, along with the corresponding
chronostratigraphic units, are shown in table 2. Because the stratigraphic
nomenclature used in this report is from many sources, it may not follow the
current usage of the U.S. Geological Survey.

Each analysis from the previously described sources was evaluated and
the most accurate and complete analyses and associated data were included in
the hydrochemical data base. The criteria for selection of data and
inclusion in the hydrochemical data base were:

(1) Some of the chemical analyses contained errors. Checks were used to
identify those analyses containing errors in the reported concentration of
the major-dissolved constituents. In an accurate and complete chemical
analyses of a water sample, the sum of the concentrations of the positive
ions (cations) is equal to the sum of the concentrations of the negative ions
(anions), both expressed in milliequivalents per liter. Each chemical
analysis containing all of the major dissolved constituents (calcium,
magnesium, sodium, potassium, chloride, sulfate, and alkalinity or
bicarbonate) was tested for the ionic balance. With few exceptions only
those analyses for which the concentration of cations and the concentration
of anions, differed by 10 percent or less of the total concentration of ions
were included in the hydrochemical data base.
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(2) In areas where many analyses with an acceptable ionic balance from
a single geologic unit were grouped into a small geographical area, only a
few representative analyses were selected for inclusion in the hydrochemical
data base. This decreased the total quantity of data to be handled and
simplified the task of plotting data points on maps, without adversely
affecting the information needed for regional mapping and interpretation.

(3) Some of the analyses provided insufficient information to evaluate
the accuracy of the data by ionic balance. However, the lack of data for
some geographic areas necessitated that all incomplete analyses for those
areas be tested further using the following criteria to determine their
acceptability for the hydrochemical data base:

(A) 1If values for potassium, sulfate, or bicarbonate
concentrations were missing from an analysis of water that had a
specific conductance of less than 15,000 uS/cm, the analysis was
not included in the hydrochemical data base. However, if values
for potassium, sulfate, or bicarbonate concentrations were missing
from the analysis but the specific conductance was greater than
15,000 pS/cm and the remaining cations and anions balanced, the
analysis was included in the hydrochemical data base. Within the
study area, the dominant cation and anion in water that contains
large dissolved-solids concentrations (indicated by a large
specific-conductance value) are principally sodium and chloride.
Therefore, for waters containing large dissolved-solids
concentrations, an acceptable cation-anion balance can be obtained
without values for potassium, sulfate, or bicarbonate
concentrations. Unfortunately, the test of cation-anion balance
does not adequately evaluate the accuracy of the concentrations
determined for the constituents that occur at smaller
concentrations relative to the dominant ions (Hem, 1985).

(B) If a value for chloride concentration was missing from an
analysis and the specific conductance was greater than 15,000
uS/cm, the analysis was not included in the hydrochemical data
base. Chloride is a major component of water in the study area,
with specific conductances of greater than 15,000 pS/cm, therefore
the accuracy of the analysis could not be tested. However, in some
parts of the study area where additional data were needed to give
more complete coverage, some chemical analyses that did not have a
value for chloride concentration, but which had a specific-
conductance value less than 15,000 pS/cm were included in the
hydrochemical data base, after a test other than an ionic balance
was applied. All those analyses that had a missing value for
chloride concentration were from the NURE file. If the NURE file
analysis did not have a value for the chloride concentration but
the specific conductance was available, the following test was
used. A value for chloride concentration was calculated as the
difference between the total concentrations of cations and anions.
This calculated value for chloride concentration was used in
computing a value for dissolved-solids concentration. If the ratio
of dissolved-solids concentration to specific conductance was not

11



in the range from 0.55 to 0.75 (Hem, 1985), the analysis was
rejected. Estimated values for chloride and dissolved-solids
concentrations were calculated for use in the above test only. The
accuracy of the estimated values could not be tested and therefore
are not included in the hydrochemical data base.

(C) If values for concentrations of calcium, magnesium or both
concentrations were missing, the analysis was tested for ionic
balance if a total hardness value was given. Hardness expressed

as milliequivalents per liter = Ca (meq/L) + Mg (meq/L) + Ba
(meq/L) + Sr (meq/L) (Brown, Skougstad and Fishman, 1970). Barium
and strontium concentrations rarely were determined, but barium and
strontium concentrations commonly are small with respect to calcium
and magnesium. Therefore, hardness may be used in place of these
cations in calculating ionic balance. If hardness values were also
missing, an ionic balance was not calculated and the analysis was
not included in the hydrochemical data base.

The location of the wells from which chemical analyses were included in
the hydrochemical data base are shown in figure 2. The selected chemical
analyses are presented in table 3 in the Hydrochemical Data section at the
back of the report. Statistical summaries for the chemical analyses are
presented in table 4 in the Hydrochemical Data section at the back of the

report. -
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HYDROCHEMICAL DATA

Selected chemical analyses of water samples that were included in the
hydrochemical data base are shown in table 3. Only the major-chemical
constituents and selected hydrochemical data are included in the table. The
number of additional constituents for each analysis varies depending on the
source of the analysis. The data in tables 3 and 4 are reported to 3
significant figures. However, because the data were obtained from several
different sources, this does not necessarily reflect the true precision of
these data.

A statistical summary of the water-quality analyses are presented in
table 4. The data in table 4 are grouped by geologic unit. Because the
statistical summaries are grouped by geologic unit, the number of data values
may represent information for more than one well in the study area. Entries
with single values are included for completeness, but are not statistically
significant.

(1) Number of values (n) = the number of data values used to compute
the descriptive statistics;

(2) Minimum = the smallest value in a group of values;
(3) Maximum = the largest value in a group of values;

(4) Mean = the sum of the values divided by the total number of values
(n);

(5) Standard deviation = the measure of the dispersion about the mean.
The standard deviation is the square root of the sum of the squares
of deviations from the mean of all values in a group of values
divided by the total number of values (n); and

(6) Median = the value of the middle observation of an uneven number of

ranked observations or the mean of the two middle observations for
an even number of ranked observations.
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Table 3.--Selected chemical analyses of water samples collected from wells

in the study area

[ft, feet; °C, degrees Celsius; mg/L, milligrams per liter; Spec. cond.,
specific conductance; pS/cm, microsiemens per centimeter at 25 degrees
Celsius; Alk., alkalinity; --, no data]

Well Sample
Lati- Longi- Local Geologic depth depth
tude tude number unit (ft) (ft) Date
Adair County, Oklahoma
360225 943440  18N-26E-18 BD 367RBDX 1,670 -- 10/28/1981
Alfalfa County, Oklahoma
362901 981234 - 330MSSP 7,260 6,530 1/24/1967
363228 981023  24N-09w-21 C 318CDHL 46 -- 4/ 5/1961
364716 982306 -- 325CHRK 5,270 5,210 9/21/1967
364728 982008 -- 325CHRK 5,290 -- 9/10/1960
364742 981848 -- 325CHRK 5,300 -- 10/14/1963
364853 980756 -- 325CHRK 5,390 3,900 10/ 7/1965
364914 980802 -- 325CHRK 5,360 3,930 10/ 4/1965
365335 981848 -- 333SPRG 5,080 -- 9/18/1964
365417 980642 -- 328MRRW 5,090 4,970 9/21/1967
Beaver County, Oklahoma
3632421004930 -- 328MRRW 7,990 7,000 10/ 6/1961
3632591005534 -- 328MRRW 7,510 7,090 9/20/1956
3633101004353 -- 328MRRW 8,130 7,880 3/11/1970
3633221005457 -- 328MRRW 7,210 7,140 6/26/1959
3637411004601 -- 319Ccav 7,330 3,960 6/22/1966
3638101004724 -- 328MRRW 7,250 7,160 11/29/1971
3641151002011 -- 322DGLS 7,860 5,630 7/23/1959
3643031003206 -- 325FRSC 6,540 6,420 12/10/1959
3645111000152 -- 321TFGM 7,400 4,350 2/ 5/1958
3646021002939 -- 319CCGV 7,280 3,300 6/29/1962
3647091002518 -- 325FRSC 7,270 6,100 10/27/1959
3655231002200  O5N-25E-04 CCC  310PRMN 150 -- 7/25/1979
Beckham County, Oklahoma
351120 993513 -- 310WTRS -- 61 8/17/1978
351258 995924  09N-26W-31 ABC  313DGCK 112 -- 11/ 2/1951
351400 992900 O09N-22W-25 313RSPG 198 -- 7/30/1951
351616 994238 -- 319PNTC 7,680 3,750 3/ 8/1945
351618 993219 -- 324GRNR -- 8,220 8/12/1959
351618 993219 -- 325DEES -- 8,800 8/12/1959
351657 994916 -- 371GRNT 6,600 3,700 5/17/1936
351936 992233  10N-21W-24 323HXBR -- 8,870 9/22/1953
351936 992337  10N-21W-23 323HXBR -- 92,910 8/20/1953
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Table 3.--Selected chemical analyses of water samples collected from wells
in the study area--Continued

Temper- Dissolved Spec.
Lati- Longi- ature solids cond Ca Mg Hardness
tude tude (°C) pH (mg/L) (pS/cm) (mg/L)  (mg/L) (mg/L)

Adair County, Oklahoma
360225 943440 18.7 7.3 268 459 88 1.9 --
Alfalfa County, Oklahoma

362901 981234 -- 193,000 204,000 12,700 1,090 --

363228 9581023 -- . 323 571 59 17 220
364716 982306 -- .2 196,000 196,000 12,900 1,970 --
364728 982008 -- .5 69,600 100,000 4,500 64t --

364742 981848 --
364853 980756 --
364914 980802 --
365335 981848 --

221,000 222,000 13,000 2,030 --
220,000 204,000 15,300 2,030 --
225,000 208,000 15,800 2,150 --
224,000 208,000 12,600 4,220 --

VEFFEFUVEUVAGO
DLV NV N W

365417 980642 -- .8 271,000 16,900 787 --
Beaver County, Oklahoma
3632421004930 -- 7.3 33,300 52,600 378 110 --
3632591005534 -- 4.4 80,100 100,000 732 1,660 --
3633101004353 -- 7.3 12,700 25,200 237 80 --
3633221005457 -- 6.5 62,100 78,700 2,400 365 --
3637411004601 - 7.2 230,000 250,000 7,670 2,450 --
3638101004724 -- -- 32,300 50,000 267 91 --
3641151002011 -- 5.9 167,000 175,000 12,100 2,160 --
3643031003206 -- 6.3 130,000 80,000 7,680 1,650 --
3645111000152 -- 5.9 233,000 192,000 18,000 3,120 --
3646021002939 -- 6.1 255,000 204,000 10,500 3,910 --
3647091002518 -- 6.7 170,000 156,000 8,480 2,040 --
3655231002200 17.1 7.6 421 635 29 12 120
Beckham County, Oklahoma
351120 993513 25.0 7.5 544 720 88.7 24,3 --
351258 995924 16.0 7.1 3,260 3,640 614 155 2,200
351400 992900 -- 7.3 1,170 1,530 225 62 820
351616 994238 -- -- 93,900 -- 11,000 176 --
351618 993219 -- 6.6 55,200 86,200 2,370 353 --
351618 993219 -- 6.1 50,500 78,700 4,490 328 --
351657 994916 -- -- 186,000 -- 20,400 3,270 --
351936 992233 -- -- 30,200 50,200 777 144 --
351936 992337 -- -- 69,200 82,600 14,100 2,610 --
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Table 3.--Selected chemical analyses of water samples collected from wells

in the study area--Continued

Lati- Longi- Na Na+K K Cl So4 Alk. HCO3 NO3
tude tude (mg/L)  (mg/L) (mg/L)  (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Adair County, Oklahoma
360225 943440 7.7 -- 1.0 10.0 15.0 270 -- --
Alfalfa County, Oklahoma
362901 981234 58,200 -- 714 120,000 412 21.3 26.0 -
363228 981023 32.0 -- 1.4 20.0 18.0 213 260 23.0
364716 982306 56,600 -- 101 124,000 255 30.3 37.0 --
364728 982008 20,300 -- 93.0 42,900 1,100 23.0 28.0 --
364742 981848 69,900 -- -- 136,000 240 66.4 81.0 --
364853 980756 66,800 -- -- 136,000 184 19.7 24.0 --
364914 980802 68,000 -- -- 139,000 200 33.6 41.0 --
365335 981848 67,700 -- - 139,000 125 8.2 10.0 --
365417 980642 81,400 -- 417 170,000 1,070 37.7 46.0 --
Beaver County, Oklahoma
3632421004930 12,500 -- -- 20,000 -- 454 554 --
3632591005534 28,100 -- -- 49,200 378 88.6 108 --
3633101004353 4,600 -- -- 7,300 308 303 369 --
3633221005457 21,200 -- -- 37,200 756 250 305 --
3637411004601 78,800 -- -- 142,000 -- 45.1 55.0 --
3638101004724 12,200 -- 26.0 19,500 63.0 266 324 --
3641151002011 49,200 -- -- 103,000 289 148 180 --
3643031003206 39,700 -- -- 78,700 1,300 403 -- --
3645111000152 67,200 -- -- 145,000 172 73.0 89.0 --
3646021002939 82,000 -- 761 157,000 1,380 68.9 84.0 --
3647091002518 54,200 -- -- 104,000 225 646 -- --
3655231002200 100 100 2.2 27.0 120 164 200 0.8
Beckham County, Oklahoma
351120 993513 58.5 -- 2.8 10.0 213 244 -- --
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